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TheThe expandingexpanding UniverseUniverse

Summary

accelerated

Part 1:

Introduction to 

Cosmology 0

Part 2: 

Why?

Part 3:

Is it possible?

How?

Part 4:

Can you measure it?

OBS: Didn’t you say

“theoretical cosmology” in the
abstract?





HowHow to to testtest it?it?

1. 1. IntroductionIntroduction to to CosmologyCosmology 00



1. 1. IntroductionIntroduction to to CosmologyCosmology 00

Find something that allows you to 

measure distances and velocities:

Standard CandleStandardizable Candle



1. 1. IntroductionIntroduction to to CosmologyCosmology 00

http://www.nersc.gov/news/annual_reports/annrep98/08expanding.html



And a whole new set of possibilities emerged...And a whole new set of possibilities emerged...

Sub-density regions, Bubbles

Alternatives to GR

Dark Energy

Cosmological Constant



1.1. TheThe Standard Standard CosmologicalCosmological ModelModel (in (in oneone slide)slide)

+

+



2.2.WhyWhy?  ?  Standard Standard ProcedureProcedure to to studystudy DE DE propertiesproperties

Pick a cosmological model:

Homogeneous and isotropic Universe: FRW metric

a

a
z 01 =+

To make things easier: k=0

http://www.galacticfool.com/wp-content/uploads/2009/05/cosmic-scale-factor1.png



2. 2. WhyWhy?  Standard ?  Standard ProcedureProcedure

General Relativity
Dark energy model : 

Cosmological Constant 

k=0

Cosmological

Constant



( ) ( ) ΛΩ++Ω= 3

0 1 zHzH m

2. 2. WhyWhy? Standard ? Standard ProcedureProcedure

Definitions:

Hubble parameter

(expansion

velocity)  

Used for 

distance

calculations ( )∫=
z

C
vH

dv
D

0



2. 2. WhyWhy? Standard ? Standard ProcedureProcedure
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values for parameters
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Results restrict to 

hypothesis about:

Gravity theory

Energy content of the

Universe

Specific Dark Energy

model

2. 2. WhyWhy?  Standard ?  Standard ProcedureProcedure

http://www.eso.org/public/archives/images/screen/eso0419d.jpg



Is it Is it possiblepossible to determine to determine 

characteristicscharacteristics ofof, , for for exampleexample,,H(z), H(z), 

withoutwithout makingmaking hypothesishypothesis aboutabout

material material contentcontent ofof thethe UniverseUniverse oror

underlyingunderlying gravitygravity theorytheory??



3. 3. HowHow? Principal ? Principal ComponentComponent AnalysisAnalysis (PCA)(PCA)

The main goal of PCA is to reduce the dimensionality of

the initial parameter space

http://www.cs.cornell.edu/courses/cs322/2008sp/images/thumb_PCA.png



3. 3. HowHow? PCA: ? PCA: exampleexample

General General ideaidea::

N N objects
p p things we know about them

-height;

-n° publications;

- n°frequent flyer miles;

-gas consumption of their

cars;

-height;

-n° publications;

- n°frequent flyer miles;

-gas consumption of their

cars;

-height;

-n° publications;

- n°frequent flyer miles;

-gas consumption of their

cars;

-height;

-n° publications;

- n°frequent flyer miles;

-gas consumption of their

cars;

-height;

-n° publications;

- n°frequent flyer miles;

-gas consumption of their

cars;

-height;

-n° publications;

- n°frequent flyer miles;

-gas consumption of their

cars;



do astronomers who spend most of their lives in airports publish more?

Do people with inefficient cars fly more, or is it only the smart ones

(with lots of publications) that do so?

Do these correlations represent real causal connection?

or..... or it is just that once you get tenure you buy a new car,  stop publishing

and give lots of invited talks in exotic foreign locations?

–astro-ph/9905079

3. 3. HowHow? PCA: ? PCA: exampleexample



First try:
Analyze all possible pair of parameters...

...which becomes impossible for not so large number of parameters!

PCA finds correlations between parameters

(in order to reduce the dimensionality of parameter space)

One of the first applications were in social sciences....

Ex: a set of p tests were applied to a group of n people, 
in order to test criativity, memory, mathematical skills... 

and tryied to find correlations

Result: almost all tests showed correlations with the others, 

indicating that one unic variable could be capable of

predicting the result of one person in all the tests

IQ tests... 
–astro-ph/9905079

3. 3. HowHow?  PCA?  PCA



Covariance:
( )( )

∑
= −

−−
=

n

i

ii

n

yyxx
yx

1 1
),cov(
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CCovariance matrix (2D):

( )n1 x,...,x=→  x             amples

Eigenvectorsï Principal Components – PCs -(new uncorrelated variables)

Eigenvalues ï variances associated to the PCs

Largest eigenvalue ï 1° Principal  Component

Notation
3. 3. HowHow? PCA? PCA

Re-write the data using the new set of parameters (PC)



http://www.stat.ucla.edu/~dinov/

3. 3. HowHow?  PCA?  PCA



OBS: OBS: 

HowHow to to obtainobtain a a covariancecovariance matrixmatrix

ifif wewe havehave onlyonly 1 1 quantityquantity

observedobserved??

It is It is possiblepossible to to analyticallyanalytically obtainobtain

thethe covariancecovariance matrixmatrix usingusing thethe

Fisher Fisher matrixmatrix



44-- CanCan youyou measuremeasure it? it? 
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44-- CanCan youyou measuremeasure it? it? 

Fisher Fisher MatrixMatrix
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ln2

1

WeWe willwill focusfocus ourour analysisanalysis in in thethe Hubble Hubble parameterparameter



44--CanCan youyou measuremeasure it? it? 
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Magnitudes (distance modulus): 

what we measure from type Ia SN

To avoid other hypothesis:
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44--CanCan youyou measuremeasure it? it? 

BecauseBecause wewe cancan analiticallyanalitically determine determine 

thethe Fisher Fisher matrixmatrix

WhyWhy thethe Hubble Hubble 

parameterparameter??

ThereThere is is independentindependent data to compare data to compare 

ourour resultsresults

Initial model

PCs



44-- CanCan youyou measuremeasure it? it? 

ToyToy modelmodel



44-- CanCan youyou measuremeasure it? it? 

ObviouslyObviously, it , it 

didndidn’’tt work work 

as as wellwell as as 

expectedexpected......



44-- CanCan youyou measuremeasure it? it? WhatWhat wentwent

wrongwrong??



44-- CanCan youyou measuremeasure it? it? 

StatisticalStatistical trickstricks......

Does it Does it worthworth??

Remember that main point is dimensionality

reduction...



44-- CanCan youyou measuremeasure it? it? 

Cumulative

percentage of total 

variance

InitiallyInitially wewe

hadhad 34 34 

parametersparameters!!



44-- CanCan youyou measuremeasure it? it? 

WhatWhat aboutabout thethe real world?real world?

http://www.sdss.org/supernova/aboutsupernova.html



44-- CanCan youyou measuremeasure it? it? 

SDSS SN dataSDSS SN data
Not fiducial



44-- CanCan youyou measuremeasure it? it? 

SDSS SN dataSDSS SN data

+

MeasurementsMeasurements ofof H(z) H(z) fromfrom

redred--envelopeenvelope galaxiesgalaxies

Is Is thisthis a a 

coincidencecoincidence??

Stern et al., 2010



Final Final RemarksRemarks
PCA is PCA is notnot completelycompletely freefree ofof hypothesishypothesis......

... ... butbut it it cancan bebe a a viableviable wayway to determine to determine featuresfeatures ofof cosmologicalcosmological

quantitiesquantities thatthat mightmight bebe presentpresent in in thethe data, data, butbut notnot in in ourour theoreticaltheoretical

modelsmodels......

......althoughalthough, some crucial , some crucial issuesissues mustmust bebe solvedsolved ((howhow manymany PCsPCs?).?).

WithWith thethe currentcurrent errorerror barsbars, , thethe agreementagreement betweenbetween redred--

envelopeenvelope galaxiesgalaxies andand ourour reconstructionsreconstructions is is nothingnothing more more 

thanthan a a happyhappy coincidencecoincidence......

... ... butbut cancan thisthis situationsituation changechange in in thethe nearnear future?future?

CanCan wewe thingthing aboutabout somethingsomething interestinginteresting in in thosethose

redshiftsredshifts thatthat wouldwould deviatedeviate fromfrom ourour smoothsmooth modelsmodels??


